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1. Introduction: An evaluation program of the All American Engineering
(AAE) Company's Model 44B-2 arresting gear was conducted with deadloads
at the Recovery Systems Track Site (RSTS) No. 5 of the U, 8. Naval Air
Test Facility (Ship Installations) (NATF(SI)). U. S. Naval Air Station,
Lakehurst, New Jersey, as authorized by reference (a). The purpose of
the deadload test program, financed by AAE (reference (b)), was to de-
termine the basic performance characteristics of the arresting gear.
Following these tests, further evaluation tests were conducted with the
A-4B and F-104G aircraft, at the runway site of NATF(SI) as authorized
by reference (c).

2. Description and Configuration

a. The Model 44B-2 arresting gear has a designed energy-absorption
capacity of 68 million foot-pounds and a maximum runout of 1,000 feet.
In its present configuration, as described below, the arresting gear is
capable of absorbing the energy of five consecutive maximum-energy
arrestments or ten maximum-energy arrestments in one hour.

b. The port and starboard arresting-gear units (see Figure 1) each
consist of two basic components: the energy absorber and the retraction
system,

(1) Energy Absorber: The energy absorber is composed of a 44-
inch-diameter cylindrical drum that contains a nine-vaned rotor (33
inches in diameter) keyed to a vertical shaft and immersed in a solution
of 607 ethylene glycol and 40% water. Eight stator blades are welded to
the bottom of the drum and eight to the removable cover plate, The
vertical rotor shaft extends through the cover plate and is keyed to a
tape reel,

(2) Iape and Iape Reel: The tape reel has an outer diameter of
six feet and an inner diameter of 18 inches, which consists of a 12-inch
hub and a 3-inch collar. An 8-inch-wide x 0.356-inch-thick x 920-foot-
long uncoated nylon purchase tape is reeved on the tape reel and threaded
through a deck-edge sheave located 17 feet from the tape reel.

(3) Retraction System

(a) Electrical: A follower attached to the upper tape-reel
flange bears up against a spring-loaded cam, mating the retraction
system to the arresting system, and is used for retracting and pre-
tensioning the system. System pre-tensions range from 1,500 to 2,000
pounds. During an arrestment, a tape tension of 5,000 pounds is needed
to trip the cam and uncouple the retraction system from the arresting
system, The spring-loaded cam (see Figure 2) is mounted to a sprocket
and connected, through a drive chain, to a gear-reduction box which is
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driven by a 20-horsepower electric motor. The retraction and pre-
tensioning is accomplished by operating an ON-OFF electrical switch on
the shell covering the retraction system. To retract a 1,000-foot
purchase tape and to pre-tension the system takes approximately three
minutes,

(b) Mechanical: A capstan is connected to the upper flange
of the tape reel in order that mechanical retraction of the system may
be accomplished in the event of failure of the electric retraction system.
The arresting gear can then be retracted by wrapping rope around the cap-
stan and pulling with a vehicle. Retracting both units through the use
of a capstan can be accomplished within approximately ten minutes.

(4) Tight Tape Wrap: A roller, shown in Figure 3, is utilized to
obtain a tight tape wrap. By means of a winch, a 600- to 1,200-pound load
is applied to the roller, which forces the roller against the tape,
pressing the tape to the stack.

ce. The arresting-gear was configured to a deck-sheave span of 225
feet, with a 17-foot split from the sheave to the tape reel (both port
and starboard)., The following deck pendants were used:

(1) Deadload tests - 115- and 1530-foot-long x l-inch-diameter,
nonrotating, hemp-core deck pendants, and

(2) Aircraft tests - "35-foot-1long x l-inch-diameter, non-
rotating, hemp-core deck pendants.

d. The energy absorber and retraction system are mounted on a steel
plate that is anchored to the deck by three deadmen and ground stakes,
The deck-edge sheaves are anchored to the deck by three deadmen. The
above-ground height of the energy absorber and the retraction motor is
22 and 32 inches respectively.

3. Iest Results and Analysis

a., Deadload Tests: Fifteen arrestments of various-weight deadloads
were conducted at RSTS No. 5 and are summarized below:

Range
Arresting- Purchase- Deck-
Deadload Engaging Hook Axial Tape Pendant
Weight No. of Speed Load Tension* Length
(1b) Events (Kn) (1,000 Ib) (1,000 1b) (Ft)
20,000 7 1i6 - 185 29.5 -~ 66.8 14.6 - 35,5 115/150
24,000 1 172 60.8 34,2 150

* Measured by three-sheave tensiometers.
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Range
Arresting-~ Purchase- Deck-
Deadload Engaging Hook Axial Tape Pendant
Weight No. of Speed Load Tension* Length
(1b) Events (Kn) (1,000 1b) (§,000 Ib) (Ft)
30,000 3 141 - 169 42,0 - 63.8 21,0 - 31.3 150
40,000 4 123 - 169 34.0 - 75.0 16.8 - 33,0 150

* Measured by three-sheave tensiometers.

(1) The use of different-length pendants during arrestments of
the 20,000-pound deadload did not result in any significant difference
in arresting-gear performance.

(2) Both arresting-gear units two~blocked during all events with
the 40,000-pound deadload; the arresting-hook loads at time of two-blocking
were negligible, and caused deadload walkbacks of less than 100 feet. Wet
purchase tapes were used during two events with this deadload [158- and
169-knot engaging speeds), and resulted in no significant variations in
arresting-hook loads and purchase-tape tensions.

(3) For the 15 deadload events, the working limit of the purchase
tapes was set at 55,000 pounds and the working strength of the pendant
was get at 46,000 pounds,

(4) Appendix A is a tabulation of all pertinent data., Plots of
maximum arresting-hook axial load and purchase-tape tension versus
engaging speed are presented in Figures 4 and 5 respectively.

b. Alrcraft Tests: Eleven arrestments of the A-4B and F-104G air-
craft were conducted at the runway site and are summarized below:

Range
Arresting- Purchase- Deck-
Alrcraft Engaging Hook Axial Tape Pendant
Weight No. of Speed Load Tension Length
Type (1b) Events (Rn) (1,000 Ib) (1,000 Ib) (Ft)
A-4B 15,000 4 113 - 138 16,9 - 33.8 12,2 - 21.0 135
F-104G 17,000 7 114 - 173 20,9 - 58.0 14.0 - 30.4 135

(1) Results

(a) Inspection of the A-4B aircraft after each arrestment in-
dicated that the arresting hook was impacting the aircraft fuselage; how-
ever, the impacts were mild and no aircraft damage was observed.
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(b) The F-104G aircraft fuselage was damaged during these
tests. Although the hook-impact area on the aircraft occurs at the
center of the parachute door, the damage inflicted was observed fore and
aft of this point. This damage consisted of buckling of the parachute
door outer surface and internal damage on the door frame and pully
assembly (see Figure 6). The aircraft parachute door used during these
tests had been reinforced. (Note: Based on later tests with the M-21C
arresting gear, there is a strong indication that the arresting-hook
snubber assembly of this aircraft was not functioning properly during the
above tests.)

(c) Appendix B is a tabulation of all pertinent data. Plots
of maximum arresting-hook axial load and purchase-tape tension versus
engaging speed are presented inFigures 7 and 8 respectively,

(2) Aircraft Performance

(a) The following pilot technique was used during all air-
craft arrestments:

1. Maintain throttle setting needed to obtain the re-
quired engaging speed until wire pick-up.

2. Reduce throttle setting to idle after wire pick-up
is assured and maintain at this position for the remainder of the arrest-
ment,

3. When the aircraft speed is reduced to a speed compara-
ble to a taxi speed, apply brakes until aircraft is completely stopped.

(b) The energy-absorption characteristics of the arresting
gear, that is, the retarding torque, is proportional to the arrested
vehicle's speed; therefore, the technique described above was used to
prevent two-blocking of the arresting gear., This method proved to be
satisfactory,

(c) At the conclusion of each aircraft arrestment, assistance
was needed to disengage the pendant from the aircraft hook. This was
accomplished with the A-4B aircraft by cautiously retracting the arresting
gear, thereby moving the aircraft backwardj and then, by stopping the re-
traction, the aircraft would roll away from the pendant. The shape of
the F-104G aircraft made this method impractical because of possible air-
craft damage; therefore, the pendant was removed by connecting a vehicle
to the tape connector by means of a rope and pulling on the tape until
the tape became slack., When the tape was slack, the pendant was manually
removed from the hook,
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(d) Pilot comments for all arrestments of both aircraft
were favorable, No yaw was noticed at any time, and the maximum final
OFF-CENIER distance of the aircraft varied by less than 10 feet from the
wire pick-up position. The deadload tests at RSTS No. 5 verified this
negligible OFF-CENTER tracking characteristic.

c. Deck-Pendant Service Life: Nine l-inch-diameter deck pendants were
used during the 26 arrestments conducted for this program. The following
table gives pertinent pendant information and the reason replacement was
required:

Highest
Engaging
No. of Engagements Speed
on Deck Pendant (Kn) Reason for Replacement
5 185 5 broken wires
1 145 Deadload guides cut through pendant
3 171 Internal damage of pendant indicated
5 169 2 broken wires and excessive number
of flat spots
2 172 Completion of deadload tests
2 125 Bolter - A-4B aircraft arresting hook
speared pendant
0 - Bolter - A-4B aircraft arresting hook
speared pendant
7 154 Considered unaccepiable for further
use
2 175 Completion of aircraft tests

d., Arresting-Gear Maintenance: The arresting gear required no major
maintenance during this program,

(1) The following minor maintenance was required prior to air-
craft tests:

(a) Three gallons of arresting-gear fluid was added to each
unit.



NATF(SI)-EI-114

(b) Approximately one quart of fluid was added to the fluid
couplings located between the electric retraction motor and the gear-
reduction box,

(c) The nylon purchase tapes were reversed; that is, the
loops that were comnected to the pendant were reversed and connected
to the tape-reel hubs., This was performed because of the excessive
amount of purchase-tape wear experienced during the deadload tests at
RSTS No. 5, which was caused by the terrain over which the purchase
tapes traveled during an arrestment.

(2) When required during the test program, a coating of GACO
was painted on those areas of the purchase tapes where excessive
wear was occurring.

4. Comparison of Various Emergency Arresting Gears: The performance of
the Model 44B-2 arresting gear indicates that it may be a highly-desirable

replacement for emergency arresting-gear systems now in use, In support
of this statement, the comparisons contained on the following pages are
presented for the Model 44B-2, E-5-1, E-14-1, and E-27 arresting-gear
systems, The comparison information was extracted from the following
sources :

a. E-27 - NATF(SI) report number NATF(SI)-EI-110 of 20 Nov 1964,
subject: Aircraft Compatibility with Single E-27 (BAK-9 Pit Installation)
Emergency Arresting Gear,

b. E-14-1 - NATC report number 1 of 20 Dec 1960, subject: Eval-
uation of the E-14-1 "Water Squeezer" Runway Emergency Arresting Gear
with Airplanes, Report No. 1, Final Report; and NATF(SI) ltr 4210/AWB:jas
of 5 Feb 1965, subject: Service-life evaluation of swivels for the E-14-1
emergency arresting gear.

¢. E-5-1 - NATF(SI) report number NATF-E-1049, SUPPL A, of 12 Apr
1962, subject: Evaluation of the E-5-1 Emergency Chain Arresting Gear
Performance with Piloted Aircraft.

d. 44B-2 - This reportj extrapolated from tabulated test data,’”
in Appendixes A and B. F-8 and A-3 aircraft test data. extrapolated
from deadload test data, in Appendix Ae. .



NATF(SI)-EI-114

°s3Td

11ews IoJ smoT[P aead 3yl
Jo 921S 9yl ‘p.pIadu 3I3ae
s31d JI °sayelIs punoald
pue uswpeap Lq punoad o3
pa2andas aae saAeays adpa
~-3o9p pue 1ea8 Suyisaaay

*Lem

-uni 3yl oIuy palJoq 2ae

#5Y00Y,, UOTIUIIIY °‘wa3shs
uoisuaj-aad Iyl Ioyoue

03 Lemuna Jo IPIS Yoed Uo
papodu ST ped 3313aduU0d VY

*femuna Jo 3PIS Yoed

uo pajunow 3IB SIABIYS
a8pa-yoaq ‘A1quasse

agnl Yyoes punoie paieiod
-I0ouT 3ae s31d 933adU0D
99ayl °saqni paumeidoad
JO 39933 Q76 UIEIUOD YOTym
‘8uol 33-076 pue ‘dadp 33
-¢ xoadde ‘opim 3J-¢ ‘Aem
-uni Jjo apIs {Yoes uUo o
‘popaau 3aae SIYOITPp oMl

* femuna

Jo Iap1s Yoe3a uo pajunow
axe saapays oaQq ‘Lemuni
Japun saqnl} pedTaTeI YITAM
Aemuna jo apis uo 3fd

da9ap ugr paITeEISUT ST ABID

Uojle]leIsul

* sjuamlsaa

-Ie QG ST 9JT1 9dTA19S
po3edroTjue ayl ‘aead
3uilsoaie #g-Wl uo pasn
sadel apTWIS Jo adue
-mwxojaad 3Ised jo osneday

[l Vi

* Judawade1d

~33 2J0J2q Sjuawlsaiae
gz Jo wnuiXepw B S2383IS V
1ddns e%01-A-IIVN J10day

1-6-4

*sjulwWlIsIA

-Ie gz 4931Fe poaoeydax pue
‘sjuawlsaiae Q] A31je pd
-399dsul [IATIMS pue ¥[qe)d

T-%1-4

*xe98 sIyl I0J BTIIITAD
Juswaoerdaa adel sapTaoad
3x0d3ax sIYyl jJo Q1 IAnBLJ
*sjuawlsaaie (7 JO WNUWIXERW

Lz-4

9JT1'T 901Aa9S 3adel-aseydand

‘wioy ydea8-aeq uyl s3ITWI] paads-BurldeSus asayl sjuasaad 3iodax SIYI Jo 6 2an81d :HION

081 791 VAt 091 8-d
081 291 891 091 Vad 4
LLT ZS1 091 0€t €-v
z-99y 1-6-4 T-%71-4 1z-3 37EI0ATV
(sjowy) 3ITUIT poadS-3ufBesug adAlL

90UrWIO JI9d




NATF (SI)-EI-114

*sjuawmjsaaae (G L1ajeu
~-Ixoadde 1933e walsds Jug
-aoyoue jo Suyrualyl8il -°q

*Lep yora pyniJy aeas
8utlsaiae TeUOTITPPE YITM
JTun yoes Surllrd “°®

:so9pnyoul sIY3l <paload
-X? ST IouruUIIUTEBW ITIIT]

fJuau]}saaIe |yoea 193Je wIl
-sfs uoysuaj-aad ur sufd
aedys Jo Juswade]day °®

:sapnyour s1yl ¢paainb
-91 ST ddourudjuIEW ITIIT]

PIudmWlISaIIe Yoea I9313je wal
-54s uofsual-vad uy suid
aeays jo judwaoelday °»o

“sIudwlsaaae
€ X0 z Lx9A9 pInTJ awald
3uilsaiae [PUOTITPP® YITm
ITun yoed Juriird °q

PsToATIMS JO UOTIOadSuf pue
L1quassesIp OFpofidad ‘e

:S9pnTouf STyl {paarnb
-31 ST IdupuduIEBW ITIIT]

*sjuauw

-28e3ua £3xdua-y3yy jo
891198 ® 13313e L[aeInoll
-3ed ‘saqwviq UOIIOTAF JO
juawadeydaa juanbaig “p

*sS3TUN yloq

uo awes ayjl ST aanssaxd
orineapiy pawmex3oxd ay3l
Jeyl os walsfs orneap
-4y 3ayy jo Suyioueleq °°

*suld aeays pulm
-31 pue ‘saAleA I7IInYys
‘SIATBA 1031091938-3)BIq JO

juawaoe(dax juanbaag -q
*8E9]

o1InelIpiy Jo Itedday ‘e
:sapnyouy

sTy3 ¢paxrnbax st aoueu
-3juTew Jo 1BIp ILIAZ VY

9OoUBUIIUT BN

*sajnulw 7 03 1

c-q%

*sanutm gz L]a3emrxoaddy

1-6-4

"sajnuim 9

1-%1-4

*sajnuiw 4 01 ¢

Lz2-3

W], GOT3IOPIIoY




NATF (SI)-EI-114

5. Conclusions

a. In its present configuration, the AAE Model 44B-2 arresting gear
can arrest the F-104G aircraft at engaging speeds up to 170 knots without
exceeding either the aircraft's designed maximum deceleration or arresting-
hook axial load limit,

b, The engaging-speed limit for the A-4 aircraft is extrapolated as
being in excess of 170 knots,

c. No aircraft damage was incurred when testing with the A-4 air-
craft, Because all A-4 testing was conducted below a speed of 140-kpots,

no definite conclusions can be made as to the extent of aircraft fuselage,
damage that can be expected during high-speed arrestments.

d. The deadload test results indicate that all Navy aircraft up to a
gross weight of 40,000 pounds can be arrested at speeds in excess of 160
knots without exceeding design limitations if the landing techniques de-
scribed in paragraph 3b(2)(a) are used.

6. Recommendations

a. PFurther deadload testing with the Model 44B-2 arresting gear
should be conducted in order to obtain data for a complete evaluation
of arresting-gear/deadload performance.

b. The Model 44B-2 arresting gear should be considered as a replace-
ment for the emergency arresting-gear systems now being used at shorebased
installations.

7. References
(a) BWEPS msg 1020548 of Mar 1964
(b) AAE 1ltr CA-1065 of 10 Sep 1964

(c) BUWEPS ltr RSSH-30/3:KEG of 27 Jan 1965
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Figure 1 - View of AAE Model 44B-2 Arresting-Gear Unit - Port
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Figure 2 - Retract Cam in Unloaded Position (AAE Model 44B-2
Arresting Gear)
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